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: Thom [3] ( )
( )
:
RThom [3]( $ , p. $32\alpha$
( )
( [1 $0]$ $[11]$ )
$([6]$ $[7])$
([8] [9])






(Thom $\nu$h$\sim$a $e$ $()$ [6]
$-[9]$ ( ) : $m$ $n$




( ) $\alpha,$ $\beta,\cdots,$ $\gamma$($r$ )
$F$ : $n$ $\cross$ C $arrow$ $R$ $F$ ( ) (
$)$ $C$ $x$ $y$
4 4
Thom (
‘ ’ $r$ $(\leq 4)$ $F$ ( ) :
( $[8]$ [9] )
: ( ) $F$
$F=\chi^{3}/3+\varpi:R$ ( $x$ ) $\cross R$ ( $\alpha$ ) $arrow$ R $(1\Phi l\backslash$
$\alpha$
$\alpha$ ) $V$ :
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$\partial F/\ =0,\partial^{2}F/a^{2}=0$ $V-\triangleleft$)$\}(\subset R)$ $S=\{(x,\alpha);\partial F/\ =0\}$ $F$
( ) $F(S):Sarrow R$ $S$ $x^{2}=-a$
$\alpha<0$ )
\"u $)$ $\geq 5$
( [3] ch. 6 )
(2) :





Amold Lagrange ( ) ( [12]) :
$Fe\}^{y}nman$
$Fe\}^{\prime n}man$ ( )
([13] (i)) ([131 (iv) $)$
i $)$ Tbom ‘
’
(3) : 20 2 3
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( [1 $5]$ $[17]$ $[18]$ ) :
1 $C$ $R$ $-p\Re$ ( ) I D $D$
O $R$ $O|R=A$ $f\in O|D-I$ I $(f)$
:
$(f)=f(x+iO)-f(x - i0)$ : (1)
I $B(I)(=B)$ $A^{\pm}$
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($A$ ) $B$ $f\in A$
$\alpha$ : $A^{+}\oplus A^{-}arrow B$ $\alpha$
$A$ $A^{+}\cap A^{-}=A$ :
$0arrow Aarrow A^{+}\oplus A^{-a}\underline{\backslash }Barrow 0$ (2)
(1) (2) $A$
(2) $\alpha$
$(A^{+}/A)\oplus(A^{-}/A)\cong B/A$ . (3)
(3)
: $R$ I
$I^{+}$ $I^{-}$ $A^{+}$ $A^{-}$ $I^{+}\cup I^{-}$
$\tilde{A}$
(3) $B/A=\pi.(\tilde{A}/\pi^{-1}A)$ $C=\tilde{A}/\pi^{-1}A$ (
$\pi$ : I I ) $B/A=\pi$. C








( [19] Grothendi$\alpha$ )
[17]
$[15]$ $[16]$ $[18]$ $[19]$ APenrose
$\pi$ $[$ 2 $0]$ $[21]$
Schwartz S hW
$M$ Schwartz SaM) (c- (sofi
sheaO ) 71f)$\omega\supset$ $\omega$abby shea ) M
w(l.-) $m$ Tm) ( )
M $\iota:\Gamma$ ($M\nu(M)arrow C$ : $\Gamma(MaM)$) $\cross\Gamma(M\nu(W)arrow C$
$(f,g)\mapsto$ $1^{fg}$ ($C(M)$: M )
$\alpha\Phi$ $S$ (morphism) $M$
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: $\Gamma(MU(M))arrow\Gamma$ ($M$ KM)$)$ ( $U(M)$ : ) :S/$\eta$( $arrow$
$HM)$ Schwartz
Schwartz
1 2, 3 (
$[$ 1 $6]$ $[22]$ ) :
lo. : $x_{+}^{\lambda}=x^{\lambda}(x\geq 0),=0(x<0)$ $x_{+}^{\lambda}=-\{e^{-Ja\lambda}(x+i0)^{\lambda}-e^{\prime a\lambda}(x-iO)\}/2i\sin\pi\lambda$ .
2 $0$ .Heaviside : $Y(x)=x_{+}^{\lambda}|_{\lambda=0}=1(x\geq 0),=0(x<0)Y(x)=\{\log(-x+i0)-$
$\log(-x-iO)\}/2$ni.
3 $0$ .Dirac $\delta$ : $\delta(x)=\infty(x=0),=0(R-\{0\})$ 1 $\delta(x)=\{1/(x-i0)-1/(x+i0\}/2\dot{m}$ .




Huygens (V I. Amold [2 $3]$ pp. 248-252)
( (caustics))











Schwartz $u$ $x\in X$ $u$ $u$
$x$ $u$ $u$ (si-ngu-lar support)
SS(u) $X$ ; $u$ $C$
$u$ SS$(u)$ $u$ (’D
$x\in X$ $U$ $x$ $\eta\neq$ 0 $V$ U
$\varphi$ 111 $\langle u,\varphi\exp(-i\varpi\cdot\eta)\rangle=O(\tau^{-m})(\tau$
$arrow\infty)$ ( $O$ : ) $\eta\in V$ $(X, \eta)\in T^{*}X(X$
$)\backslash \{0\}\equiv W$ $W$ $u$ $WF(u)$ : $T^{*}X$
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$arrow X$ $WF(u)$ $SS(u)$ dF(u) $=$ SS(u) $u$
$u$ Lagrange
( [22])
( $W$ ) $WF_{A}(u)$ $u$
$SS_{A}(u)$ : $F_{A}(u)=SS_{A}(u)$ $(*)_{1}$ $u$
(5) : $Barrow\pi$. $C$ $u\in B$
$\varphi(u)$ $u$ $supp.\varphi(u)=S.S.u$ $u$ ( ) $u$
Schwartz $u$ :S.S14 $=WF_{A}(u)$ $(*)_{2}$
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$P$ $m$ $p(x,\xi)$ $\xi$ 1 $\neq$ 0
( $P$ ) $Pu$ $(WF(u)-WF(Pu))$ $u$
$Pu$
$B$ $s$ $u$ $B$ $s+m-1$ $u$




P. D. Lax (1957) )
(4) Feynman [1] (iii)
$([16]$ $[22]$ $[29]-[31]$ $)$ R. PFeynman ( )
: $Spaoe\cdot 1lme$Approach to Quantum $Electrodynami_{CS}$(1949) J. S. &hwinger
1965 (4)
(
F. J. Dyson )
Feymnan 4 Feymman ( – – ) :‘
{b’




4 ( ) : $P_{j}(j=1,\cdots,n’)$ ( ) : $L_{l}(l=1,\cdots,N)$
( ) : $L_{r}’(r=1,\cdots,n)$
$L_{l}$ $m_{l}^{2}$ ($\geq 0$, $>0$ ) 4
$p_{r}=(p_{r,s})(s=0,\cdots,3)$ Feynman$\cdot$Dyson $S$
Lagrangean Feynman $p_{r}$ $m_{l}$
$[j;l]$ : $P_{j}$ $L_{l}$
$\Rightarrow$ $[ :l]=-1$, $\Rightarrow$ $[ :l]=+1$, ( ) $[j;l]=0$
Feynman $F-D$ $F-D$ Feymman
$I_{F-D}(p)$ :
$I_{F-D}(p_{1}, \cdots,p_{n})=\int\frac{\prod_{j=1}^{n’}\delta^{4}(\sum_{r--1}^{n}[_{j}:r]p_{r}+\sum_{l--1}^{N}[;:l]k_{l})}{\prod_{l=1}^{N}(k_{l}^{2}-m_{l}^{2}+\sqrt{-1}0)}\prod_{l=1}^{N}d^{4}k_{l}.(k_{l}^{2}=k_{l,0}^{2}-\sum_{\lambda=1}^{3}k_{l,\lambda}^{2})$ $(*)$
$(\cdot)$ $arrow$ N $(*)$ (
) ([1 $6]$ $[2$ 2] [31] )
$(*)$
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1 $)$ Landau $-$ $(*)$ (Landau $-$ ) : $(*)$
–$\Re$
$(*)$ (Landau- ) (4
) (bmdau $-$ )
$(*)$ $([16]$ $[22]$ $[31]$ $)$
2 $)$ $(*)$ (Cutkosky ) :
Hamilton $-$ Jacobi (
) ([11 (c) $)$
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Newton ( )
(4 Eucl-id ) 4 Riemmm
Newton Poisson –$\Re$
Einstein :
$R_{ab}-(R/2)g_{ob}+\Lambda g_{ab}=8\pi T_{ab}$ $(\#)$ ,
$R_{ab}$ : Rini $R(=g^{ab}R_{ab})$ : $g_{ab}$ : $\Lambda$ ;
$T_{ab}$ : - ; $(\#)$
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$6]$ 1965 [37] $)$ Pen-rose (cosmic eensorship) :
‘ (naked) ’
( ) ‘ ’













o 1977 [42] S. Bochner [43]
( [1] (i) , (ii) )
( (2010 8 25 ))
([1] $(\ddot{\dot{m}})$ ) :
1 $)$
( : ) [1] (v)
261
:2 $)$ :






(i) (I) , No. 1317, pp. 39-49 (2003) : $\omega(\Pi)$
: $1880-1\ovalbox{\tt\small REJECT}$, No. $13n$, pp. 149-162 (2004) G. Ni&el) ;( ( ) $arrow-20$
7 No. 1546, pp. 88-103 (2007) $;\triangleright)(m)-2-20$
(1) : (11 :
1 No. 1625, pp. 95-107 (2009) ;(v) $(\mathbb{E})-2-20$ (2) :
( $| \int$) $-$, :Bierr-haam Hi-lbert Picar .Lef-Schetz
$\sim$v o)$\triangleleft$S2r 4 No. 1677, pp. 103-119 (2010) .
[2] R Thom, ‘lbpologicalModels in BiOlOgy $Tbpok_{\Psi},$ $8$, pp. $313-\mathfrak{B}5$ (1969).
[3] R Thom, $Sbbik\dot{\mathcal{B}}$SbvamBe etMorphogen\‘ese, Benjamin (1972) ; $ae\ovalbox{\tt\small REJECT}^{-}\mathfrak{W}$Benjmin (1975) .
[4] R Thom, La Stabihoe Topologique desApplications Polynomiales, Enseign. Math, 8, pp. 24–33 (1962).
[5] R Thom, Ensembles etMorphismes Stratifi\’es, BulLAmer Math. Soc., 75, pp. 240–284 (1969).
[6] J. N. $Ma\mathbb{A}er$ Stability ofDi&oentiable Mappinae, Ann. Math., G) $L\mathfrak{R}$ , pp. 89–104 (1968) (li) $\Pi,$ $\mathfrak{B}$, pp. 254–
291(1969) ; $R_{1}bL$ Math. Inst H.E.S. $\omega \mathbb{E}85$, pp. $301-\mathfrak{B}6$ (1970) Gst) IV, Iaecl Notes inMath, No. 192, pp. 207
$-253$, Spninger (1971).
[7] Th $B\infty ckermien\dot{b}aI$Geimsand $(ktae\alpha phes$ LondonMath. Soc., Iaect. Notes Series 17, Cambridge (1975).
[8] $=13$, (1977).
[9] $-$ 208, (1978).
[10] E. C. Zaemm $Cabstwp\Lambda e$ Theoly 2 $\alpha:MPapeis1972-1977$Addison–Wesley (1977).
[11] T. Poston-I. Stewart, Catastivphe $?h\alpha zyendit^{J}sApph\dot{\alpha}\dot{b}ons$ Pitman (1978).
[12] Y. $Choquet\cdot Bruha-C.RW$l$tt\cdot M_{0oet1e,AoefJa_{p\dot{v}bIbI\ andPhysubsg}}y_{\dot{ffl5}}$ Revised ed., Noﬄ-Holland (1982).
[13] $\omega$ 9 pp. 28-32 (1975).(
$\ovalbox{\tt\small REJECT}$ . ), IV, - -, 4 pp. 66-71 (1978) $\omega$ J.
262
6 pp. 40–45 (1978). (iv) 10
pp.. 43-47 (1979)
[14 L. Schwartz, $?heo1ydesD\dot{s}a_{2}bu\dot{b}0\mathfrak{B}$ Pax (1945,50); ( ( , ) (1953).
[15] M. Sato, (i) Theory ofHyperfmctions I, II, J. Fac. Sci. UnivTbkyo 8, pp. $139-i93$, pp.387-436 (1959-1960).
$\omega$ On Hyperfunctions and the SeafC, -Lects., Dep. Math. Univ Nagoya-, Proceedings ofMath. Sciences 126
(in Japanese), May, 24-May 28, 1971 (1971).
[16] $-$ -mfi 18, (1980).
[17] H. Komatsu, Microlocal Analysis in Gevrey Classes and in Complex Domains, in $Mi\alpha ol\propto al$ Analysi and
Applications (J. M. Bony et al, eds), Lect. Notes inMath No. 1495, pp. 161-236, Springer (1989).
[18] M. Kashiwara -P Schapira, Sheaves on $1\ DI\dot{1}b1\phi$ ASer. Comprehensive Studies inMath. 292, Springer (1990).
[19] A Gmthendieck LlaualCohomology Lect. Notes inMath. No. 41, Springer (1967).
[20] $R$ S. Ward - $R$ O. Wells Jr., $ho\dot{s}br$Geomeby $andR\dot{e}ld\mathcal{I}Zeoiy$, Monographs onMath. Phys., Cambridge (1990).
[21] R.O. Wells Jr., Hyperfunction Solubons of the Zero-Rest-Mass Field Equations, Comm. Math. Phys. 78, pp.
567-600 (1981).
[22] V W. $Gui\mathbb{I}e\dot{m}n-M.$ Kashiwara-T Kawai, $\ \dot{m}0\theta r$on $Mi\dot{a}v^{-}1\alpha aIA\ovalbox{\tt\small REJECT} ys\dot{\mathfrak{B}}$ Ann. Math. Studies No. 93, Pmceton
Univ (1979).
[23] V I. Amold, MathematicalMethodS ofClassicalMechanics Graduate ’Ibxt inMath. 60, Springer (1978).
[24] RAbraham-J. E. Marsden, Foiw&tiops ofMechanics $2^{nd}$ ed. (Revised & Enlarged), Benjamin (1978).
[25] $R$ Courant-D. $Hi$]$bert$, MtAo&offI$\kappa$beR-$\theta$b dP$\omega$y$\Re\psi$ V hterscienoe (1962).
[26] Y Hamada, The $Sin\mathfrak{B}^{1}1a\dot{n}ties$ of the Solutions of the Cauchy Problem, $PubLmIS$, Kyoto Univ 5, pp. 21–40
(1969)
[27] J. J. $Duistemaat\cdot H6rmander.Founer$Integral Operators. II, Acta Math. 128, pp. 183-269 (1972).
L. $G\delta rding$, Singularities in $L\dot{z}oear$ Wave $Bvpa\ovalbox{\tt\small REJECT}\dot{b}04$ Lect. Notes in Math. No. 1241, Spin$ger(1987)$.
[29] R. C. Hwa V L. $Tep$]$itz,$ $Ho\alpha d_{0\Psi}mdFeJ^{vw}aii$ In&grda Benjamin,(1966).
[301 F. Pham, Intrvducaon aLEtude Topologique de Sipgubiile’s deB& $\iota\iota$ Gauthier-Vllars (1967).
[31] 19, (1975).
[32] WThining, Cdwt alField $\mathcal{I}Zeoiy$(English ed.), ACourse inMath. Phys. 2, Springer (1978).
[33] S. W. Hawking-G. F. R. $Eu\dot{\otimes}?ZeZ_{\theta} ge$ Scale SffvcM $ofSpeoe-qI\dot{w}e$, Camb. Monographs on Math. Phys. 1
Cam. Univ(1973)..
[34 C. D. J. Dotson, $Cakgo\dot{n}eq$ Bundles andSpacetimeTbpology ShivaMath. Ser. 1 Shiva (1980).
[35] S. W. Hawking-R Penrose, $\mathcal{T}be$Natuze ofSpace and qloee,The I. Newton Inst. Ser. Iaect, Princeton Univ (1995).
[36] S. W Hawking-R Penrose, The Singu]arities ofGravitational Collapse and Cosmology, Proc. Roy Soc. London
A31, pp. 529–548. (1970
[37] S. W Hawking, Occurrence ofSingulaarities in Open Universes, Phys. Rev Lett 15, pp. 689-690 (1965).
[38] R. Penrose, Naked Singularities, Am. N. YAcad. Sci. 224, pp. 125–134 (1923).
[39] R. Penrose, Singularities of Space–Time, inﬄeole&oel $Br\dot{o}\dot{\alpha}p$les in Astrvphysics and $1kkbvi\nu$, ed. N. R.
Iiebowitz, et al., Univ Chicago (1978).
[40] J. R. Oppenheimer . H. Snyder On Continued Gravitational Contraction, Phys. Rev, 56, pp. 455–459 (1939).
[41] S. W Hawking, Black Holes in General Relativity Comm. Math. Phys. 25, pp. 152-166 (1972).
[42] (i) $I-$ –,
11 pp. 59-71 (1977). $\omega$ I– $\otimes-$ –,
( $\ovalbox{\tt\small REJECT}$ , $VoL22$, No. 1, pp. 36-49 (1979).
[43] S. Bochner Singularities and Dis$\infty$ntinuities, Proc. ofthe Con&oenoe on ComplexAnalysis (1972), $VoL\Pi$, No. 2,
pp. 21–40, Rice Univ Studies 59 (1973).
263
